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1. Introduction 
Although a relatively large number of sequence- 
specific deoxyribonucleases (class II restriction endo- 
nucleases) is now available (reviewed in [I]), new 
endonucleases with unique recognition sites are desir- 
able, as they increase the flexibility of DNA analysis 
and recombinant techniques, We report here the isola- 
tion from Streptococcus durans RFL 3 strain of a 
new enzyme (SduI) of this type, which recognizes 
hexanucleotide palindromic sequence 5’-G(G/A/T)- 
GC(C/A/T)C degenerated at two positions and conse- 
quently should cleave at the level of nine possible 
sites. 
2. Materials and methods 
The strain used was isolated from accidentally 
contaminated culture medium and identified in labo- 
ratory as Strep. durans. Restriction endonucleases 
EcoRI, BarnHI, HindIII, Sau3AI and PstI were puri- 
fied using standard procedures [2-61. Bacteriophage h
was prepared by heat-induction of cI85S7 prophage 
and its DNA was obtained by phenol extraction from 
phage particles [7]. Plasmid pBR322 and replicative 
form of @X 174am3 DNAs were purified by ethidium 
bromide-CsC1 equilibrium centrifugation [8]. SV40 
DNA was a gift of T. Denisova. DNA-cellulose for 
chromatography was prepared using calf thymus 
DNA (Sigma type I) and CF 11 cellulose (Whatman) 
as in [9]. BioGel A-O.5 m and acrylamide were pur- 
chased from ‘Bio-Rad’, agarose from Sigma. All other 
reagents were analytical grade commercial products. 
2.1.Bacteriagrowth 
Streptococcus durans RFL 3 strain was grown at 
37°C in cooked meat broth containing 1% peptone 
and 0.5% NaCl (w/v) agitated in New Brunswick G25 
Gyrotory shaker at 250 rev./min, to an A’&; Cnm, of 
0.4-0.6. The cells were harvested by centrifugation 
and stored at -20°C. 
2.2. Enzyme purification 
Strep. durans cells (6 g) were suspended in 5 ml 
buffer A (20 mM K-phosphate (pH 7.0), 1 mM EDTA, 
7 mM 2mercaptoethanol) containing 0.2 M NaCl. 
They were disrupted by sonication (100 W MSE 
desintegrator at maximal output, 5 min) and centri- 
fuged at 30 000 X g for 30 min. Supernatant, brought 
to 1 M NaCl, was fractionated on a BioGel A-O.5 m 
column (2.5 X 40 cm) in buffer A containing 1 M 
NaCI. The fractions with SduI activity were pooled 
and brought to 70% saturation with solid ammonium 
sulphate. Precipitate was dissolved in 2 ml buffer A 
and dialyzed overnight against the same buffer. 
Enzyme solution was applied onto a 1 X 0.5 cm col- 
umn of DNA-cellulose equilibrated with buffer A. 
The column was washed with 5 ml of the same buffer 
and developed with 40 ml NaCl linear gradient 
(O-O.5 M) in buffer A. Active fractions which eluted 
at 0.18-0.25 M NaCl were pooled and dialysed against 
buffer A containing 50% (v/v) glycerol, 0.2 M NaCl 
and stored at -20°C. 
2.3. Assay of Sdulactivity 
Endonuclease activity was assayed by adding 
5-l 0 yl enzyme solution to 40 ~1 reaction mixture 
(50 mM Tris-HCl (pH 7.5), 10 mM MgC12, 25 mM 
NaCl) containing 2 pg phage h DNA. Incubations 
were routinely performed at 37°C for 1 h and termi- 
nated by adding 20 ~1 of a solution of 60% sucrose, 
60 mM EDTA and 0.025% bromphenol blue. One 
unit of endonuclease activity is defined as the amount 
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of enzyme which would completely digest 1 pg h 
DNA in 1 h. Double digests were performed by simul- 
taneous addition of SduI and another enzyme to the 
above-mentioned reaction mixture. 
2.4. Gel electrophoresis 
Restriction fragments were separated by gel elec- 
trophoresis; 1% agarose gel, containing 0.1 M Na- 
borate (pH 8.2), 2 mM EDTA and 1 pg ethidium 
bromide/ml were used to determine enzyme activity, 
the number and sizes of SduI fragments of SV40 and 
@X174 DNA and to map SduI sites in SV40 DNA. To 
evaluate pBR322 fragmentation pattern and to map 
SduI sites in it, 2% agarose and 5% polyacrylamide 
gels in 40 mM Tris-HCl (pH 8.0), 20 mM Na-acetate, 
1 mM EDTA were used. Analysis of double digests 
(SduI + another restriction endonuclease) was used to 
map SduI recognition sites. Sizes of the fragments 
were determined by comparison of their mobilities 
with those known: SV40 DNA digested by Hind111 
and pBR322 by Sau3AI. 
2.5 . Computer analysis 
An EC1010 computer was programmed with the 
complete nucleotide sequences of the DNAs of 
pBR322 [lo], SV40 [ll] andGX174 [12]. Recogni- 
tion sequence of SduI endonuclease was predicted 
using a computer program which provided facility to 
scan all the possible hexa- and pentameric palindromes 
with degeneracy of type N (where N is any 1 of the 4 
nucleotides) for the coincidence of theoretical frag- 
mentation pattern (including both limit and incom- 
plete ‘cleavage’ at putative recognition sequence sites) 
with the fragment sizes determined experimentally. 
After that the degeneracy of the potential recognition 
sequences was minimized until the true recognition 
seqbence was identified. 
3. Results and discussion 
Purified endodeoxyribonuclease from Step. durans 
RFL 3, prepared as in section 2, appears to be essen- 
tially free of contaminating non-specific nucleases, 
since DNA samples digested with 3-fold excess of the 
enzyme for 20 h give sharp bands without smear in 
agarose gels. The yield of enzyme was -500 units/g 
wet wt cells. Activity does not decrease after 6 month’s 
storage at -20°C. It is reduced by 80% after 1.5 years. 
Fig.1. Coordinates of several S&I cleavage sites on SV40 and 
pBR322 DNAs. Distances between cleavage sites (indicated 
by arrows) are expressed in basepairs. 
3 .l . Identification of the recognition site of Sdul 
The first step in determining the recognition 
sequence was to map several SduI cleavage sites in 
DNAs of known nucleotide sequences (SV40 and 
pBR322) (fig.1). The nucleotide sequences in the 
regions of these sites were inspected manually and as 
a result he common nucleotide sequence 5’-GXGCYC 
(X = G or A or T; Y = C or A or T) was found. As this 
sequence was detected by inspecting a limited number 
of mapped SduI sites, a possibility existed that it was 
Fig.2. Gel electrophoresis of @Xl 74am3, SV40 and pBR322 
DNA digests. Samples were analyzed in a slab of 1% (a-c) or 
2% (d,e) agarose g l: (a) @X1 74 + SduI; (b) SV40 + S&I; (cl 
SV40 + HindUI; (d) pBR322 + SduI; (e) SV40 + HindIII. 
Sizes of the markers in (c) and (e) are indicated on the right 
in basepairs (bp). The sizes of SduI fragments in (a), (b) and 
(d) are given in table 1. 
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Table 1 
Comparison of the computer-generated and experimentally 
determined S&I patterns of pBR322, SV40 and 
@Xl 74 DNAs (fragment sizes in bp) 
pBR322 sv40 @Xl74 
~- 
(C) (E) (C) (E) (C) (E) 
1. 1161 1190 2617 2546a 3752 3746a 
2. 826 840 1127 1160 1145 1160 
3. 604 600 970 1000 489 480 
4. 587 580 512 520 
5. 498 490 
6. 291 290b 
7. 195 190 
8. 101 100 
9. 85 85 
10. 14 - 
a Fragment size obtained by subtracting from the total mole- 
cule length the sum of the lengths of all the other frag- 
ments, deduced from electrophoresis experiments 
b Fragments patterns of 85-290 bp were analyzed by elec- 
trophoresis in 5% polyacrylamide gels 
Abbreviations: C, computer; E, electrophoresis 
not the true S&I recognition sequence. To assist 
in determination whether nucleotide sequence 
5’-GXGCYC is recognized by S&I, the number and 
sizes of the restriction fragments in SV40, @Xl 74 and 
pBR322 DNAs were determined and compared with 
the computer-predicted ones. Three cleavage sites in 
$X174am3,4 in SV40 and 9 in pBR322 were detected 
(fig.2). Low Mr pBR322 fragments were detected and 
characterized after electrophoresis in a 5% polyacryla- 
mide gel (not shown). It is obvious that the predicted 
fragmentation pattern is in close agreement with the 
experimental data (table 1). 
One possibility which is not excluded by the above 
analysis is that the proposed recognition sequence 
(.5’-GXGCYC) is in some way related to a true recog- 
nition sequence. For example, if DNAs used (pBR322, 
SV40 and @X 174) contain only hexameric palin- 
dromes of the 5’-G(G/A/T)GC(C/A/T)C type, then it 
cannot be excluded that Mu1 recognizes nucleotide 
sequence 5’-GNGCNC, where N is any 1 of the 4 
nucleotides. This possibility has been eliminated by 
inspection of the nucleotide sequences of these DNAs. 
It was detected that 15 out of the 16 possible palin- 
dromes of the 5’-GNGCNC type are represented in 
the DNAs used for SduI recognition sequence deter- 
mination. This set of sites includes 8 out of the 9 pos- 
sible sequences of the 5’-G(G/A/T)GC(C/A/T)C type 
(only 5’-GAGCTC is not present) recognized in accor- 
dance with the predicted specifity of S&I endonu- 
clease and all 7 possible sequences of 5’-GZGCRC 
type (where in one case Z = C, R = G or A or T or C; 
and in the other case R = G, Z = G or A or T or C), 
which are not recognized by SduI. 
To check whether the existence of some other 
sequence different from 5’-G(G/A/T)GC(C/A/T)C 
but yielding the same fragmentation pattern of 
pBR322,$Xl74 and SV40 DNAs is possible, a com- 
puter search was performed on them. The analysis 
generated only the above-mentioned sequence. 
5’-G(G/A/T)GC(C/A/T)C is a new addition to the 
list of nucleotide sequences known to be recognized 
by restriction enzymes. S&I should cleave DNA at all 
the &$I 5’-G(A/T)GC(A/T)C and SstI 5’-GAGCTC 
sites. 
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